09/13/02 09:47 ®937 223 0724 



KILLWORTH ET AL 



121003/043 



Ser,No, 09/804,051 

Atty. Dkt. No. MIO 0069 PA 

semiconductor die and such that a second surface of said intermediate substrate faces said second 
semiconductor die, wherein 

said intermediate substrate dejBbaes a passage there through, and 
one of said first semiconductor die and said second semiconductor die is 
positioned such that said conductive bond pad on one of said first aad second 
active surfaces is aligned with said passage. 



2, A multiple die semiconductor assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 
at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 
including at least one conductive bond pad; 

an intermediate substrate positioned between said first semiconductor die and said second 
semiconductor die such that a first surface of said intermediate substrate faces said first 
semiconductor die and such that a second surface of said intermediate substrate faces said second 
semiconductor die, wherein 

said intermediate substrate defmes a passage there through, and 
one of said first semiconductor die and said second semiconductor die is 
positioned such that said conductive bond pad on one of said first and second 
active surfaces is aUgned with said passage; and 
at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling capacitor is 
accommodated in a space defined by a thickness dimension of one of 
said first semiconductor die, 
said second semiconductor die, 

a topographic contact conductively coupled to said first semiconductor 
die, and 

a topographic contact conductively coupled to said second semiconductor 
die. ^ . 

3. (Amended) A multiple die semiconductor assembly comprising: 
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a first semiconductor die defitdng a first active surface, said first active surfece including 
at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 
including at least one conductive bond pad; 

a single intermediate substrate positioned between said first semiconductor die and said 
second semiconductor die such that a first surface of said intemiediate substrate faces said first 
semiconductor die and such that a second surface of said intermediate substrate faces said second 
semiconductor die, wherein 

said intermediate substrate defines a passage there through, and 
one of said first semiconductor die and said second semiconductor die is 
positioned such that said conductive bond pad on one of said first and second 
active surfaces is aligned with said passage; and 
a heat sink including a cap portion and a peripheral portion, wherein 

said cap portion is thermally coupled to a major surface of at least one of 
said first and second semicondxxctor dies, and 

said peripheral portion engages a mounting zone defmed by a lateral 
dimension of said intermediate substrate extending beyond a periphery of at least 
one of said first and second semiconductor dies. 



4, A multiple die sexxiiconductor assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 
at least one conductive bond pad; 

a second semiconductor die defming a second active surface, said second active surface 
including at least one conductive bond pad; and 

an intermediate substrate positioned between said first active surface of said first 
semiconductor die and said second active surface of said second semiconductor die such that a 
first surface of said intermediate substrate feces said first active surface and such that a second 
surface of said intennediate substrate faces said second active surface, wherein 

said first semiconductor die is electrically coupled to said intennediate 
substrate by at least one topographic contact extending firom said first active 
surface to said fu^t surface of said intennediate substrate. 



-3- 

Received from < 937 223 0724 > at 9113/02 9:46:54 ANI [Eastern Daylight Time] 



09/13/02 



09:48 



0937 223 0724 



KILLWORTH ET AL 



121005/043 



Ser. No. 09/804,051 

Atty. Dkt No. MIO 0069 PA 



said intermediate substrate defines a passage there through, 
said second semiconductor die is secured to said second surface of said 
intermediate substrate such that said conductive bond pad of said second 
semiconductor die is aligned with said passage, and 

said second semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive line extending &om said conductive bond pad 
of said second semiconductor die through said passage defined in said 
intermediate substrate and to a conductive contact on said jEirst surface of said 
intermediate substrate. 



a first semiconductor die defining a fii^t active surface, said first active surface including 
at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 
including at least one conductive bond pad; 

an intermediate substrate positioned between said second semiconductor die and said first 
active surface of said first semiconductor die such that a first surface of said intermediate 
substrate faces said first active surface and such that a second sur&ce of said intermediate 
substrate faces said second semiconductor die, wherein 



said inteimediate substrate defmes a passage there through, 
said first semiconductor die is secured to said first surface of said 
intermediate substrate such that said conductive bond pad of said first 
semiconductor die is aligned with said passage, and 

said first semiconductor die is electrically coupled to said mtermediate 
substrate by at least one conductive line extending from said conductive bond pad 
of said fiirst semiconductor die through said passage defined in said intermediate 
substrate and to a conductive contact on said second surface of said intermediate 
substrate; and 



an additional substrate positioned such that a first surface of said additional substrate 
feces said second active surface of said second semiconductor die and such that said first surface 
of said additional substrate opposes said second surface of said intermediate substrate, wherein 




5. (Amended) A multiple die semiconductor assembly comprising: 
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said additional substrate defines an additional passage there through, 

said second semiconductor die is secured to said first surface of said 

additional substrate such that said conductive bond pad of said second 

semiconductor die is aligned with said additional passage, and 

said second semiconductor die is electrically coupled to said additional 

substrate by at least one conductive hne extending from said conductive bond pad 

of said second semiconductor die through said additional passage defined in said 

additional substrate and to a conductive contact on a second surface of said 

additional substrate. ^ _ 



6. A multiple die semiconductor assembly comprising: 

a first semiconductor die defining a first active surfiace, said first active surface including 
at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 
including at least one conductive bond pad; 

an intermediate substrate positioned between said first active surface of said first 
semiconductor die and said second active surface of said second semiconductor die such that a 
first surface of said intermediate substrate feces said first active surface and such that a second 
surface of said intermediate substrate feces said second active surface, wherein 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one topographic contact extending fi-om said first active 
surface to said first surface of said intemediate substrate, 

said intermediate substrate defines a passage there through, 
said second semiconductor die is secured to said second surfece of said 
intemiediate substrate such that said conductive bond pad of said second 
semiconductor die is aligned with said passage, and 

said second semiconductor die is electrically coupled to said intennediate 
substrate by at least one conductive line extending fiom said conductive bond pad 
of said second semiconductor die through said passage defined in said 
intennediate substrate and to a conductive contact on said first surface of said 
intermediate substrate; and 
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at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling capacitor is 
accommodated in a space defmed by a thickness dimension of one of 

said first semiconductor die, 

said second semiconductor die, 

a topographic contact conductively coupled to said first semiconductor 
die, and 

a topographic contact conductively coupled to said second semiconductor 

die. 



7. A multiple die semiconductor assembly comprising: 

a first semiconductor die defining a first active surface, said fust active surface inchiding 

at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 

including at least one conductive bond pad; 

an intermediate substrate positioned between said second semiconductor die and said first 
active surfece of said first semiconductor die such that a first surface of said interaicdiate 
substrate faces said first active surface and such that a second surface of said intermediate 
substrate faces said second semiconductor die, wherein 

said inteuaediate substrate defines a passage there Ihrough, 
said first semiconductor die is secured to said first surface of said 
intermediate substrate such that said conductive bond pad of said first 
semiconductor die is aligned with said passage, and 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive line extending fi:om said conductive bond pad 
of said first semiconductor die through said passage defined in said intermediate 
substrate and to a conductive contact on said second surftce of said intermediate 
substrate; 

an additional substrate positioned such that a first surface of said additional substrate 
feces said second active surface of said second semiconductor die, wherein 

said additional substrate defines an additional passage therethrough. 
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said second semiconductor die is secured to said first surface of said 
additional substrate such that said conductive bond pad of said second 
semiconductor die is aligned with said additional passage, and 

said second semiconductor die is electrically coupled to said additional 
substrate by at least one conductive line extending from said conductive bond pad 
of said second semiconductor die through said additional passage defined in said 
additional substrate and to a conductive contact on a second surface of said 
additional substrate; and 
at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling capacitor is 
accommodated in a space defined by a thickness dimension of one of 
said first semiconductor die. 
said second semiconductor die» 

a topogr^hic contact conductively coupled to said first semiconductor 
die, and 

a topographic contact conductively coupled to said second semiconductor 

die. 

8. A multiple die semiconductor assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 

including at least one conductive bond pad; and 

an intemediate substrate positioned between said first active surfece of said first 
semiconductor die and said second active surface of said second semiconductor die such that a 
first surface of said intermediate substrate faces said first active surface and such that a second 
surfece of said intennediate substrate faces said second active surface, wherein 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one topogr^hic contact extending firom said first active 
surface to said first surface of said intermediate substrate, and 
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said second semiconductor die is electrically coupled to said intermediate 
substrate by at least one topographic cotrtact extending from said second active 
surface to said second surface of said intermediate substrate. 

9. A multiple die semiconductor assembly as claimed in claim 8 wherein said assembly further 
oomimses at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling capacitor is 
accommodated in a space defined by a thickness dimension of said topographic contact 
extending from said fiist active surface to said first surfece of said intennediate substrate. 



10. (Amended) A printed circuit board assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die definmg a second active surface, said second active surface 

including at least one conductive bond pad; 

a single intermediate substrate positioned between said first semiconductor die and said 
second semiconductor die such that a first surface of said intermediate substrate faces said first 
semiconductor die and such that a second surface of said intermediate substrate faces said second 

semiconductor die, wherein 

said intermediate substrate defines a passage there through, and 
one of said first semiconductor die and said second semiconductor die is 
positioned such that said conductive bond pad on one of said first and second 
active surfaces is aligned with said passage; 
a printed circuit board positioned such that a first surface of said printed circuit board 
faces said intermediate substrate; and 

a plniality of topographic contacts extending from said intermediate substrate to said first 

surface of said printed circuit board- 



11 . A printed circuit board assembly comprising: 

a fii3t semiconductor die defining a first active surfece, said first active surface including 

at least one conductive bond pad; 
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a second semiconductor die delBning a second active swface, said second active surface 
including at least one conductive bond pad; 

an intermediate substrate positioned between said first semiconductor die and said second 
semiconductor die such that a first surface of said intermediate substrate fiaces said first 
semiconductor die and such that a second surfece of said intermediate substrate faces said second 

semiconductor die, wherein 

said intemiediate substrate defines a passage there through, and 
one of said fii^ semiconductor die and said second semiconductor die is 
positioned such that said conductive bond pad on one of said first and second 
active surfaces is aligned with said passage; 
a printed circuit board positioned such that a first surface of said printed circuit board 
feces said intermediate substrate; 

a plurality of topographic contacts extending &om said intermediate substrate to said first 
surface of said printed circuit board; and 

at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling c^acitor is 
accoromodated in a space defined by a thickness dimension of one of 
said first semiconductor die* 
said second semiconductor die, 

a topographic contact conductively coupled to said first semiconductor 
die, and 

a topographic contact conductively coupled to said second semiconductor 

die. 



12. (Amended) A printed circuit board assembly comprising: 
Vj a first semiconductor die defining a first active surface, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 
including at least one conductive bond pad; 

a single intermediate substrate positioned between said first semiconductor die and said 
second semiconductor die such that a first surface of said intermediate substrate faces said first 
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semiconductor die and such that a second surface of said intemiediate substrate faces said second 




semiconductor die, wherein 

said intermediate substrate defines a passage there through, and 

one of said first semiconductor die and said second semiconductor die is 



positioned such that said conductive bond pad on one of said first and second 
active surfaces is aligned with said passage; 
a printed circuit board positioned such that a first surface of said printed circuit board 
feces said intermediate substrate; 

a plurality of topographic contacts extending firom said intermediate substrate to said first 
surfece of said printed circuit board; and 

a heat sink including a cap portion and a peripheral portion, wherein 

said cap portion is thermally coupled to a major surface of at least one of 
said first and second semiconductor dies, and 

said peripheral portion engages a mounting zone defined by a lateral 
dimension of said intermediate substrate extending beyond a periphery of at least 
one of said first and second semiconductor dies. 



1 3. A printed circuit board assembly comprising: 

a first semiconductor die defming a fixst active surfece, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defming a second active surface, said second active surface 

including at least one conductive bond pad; 

an intermediate substrate positioned between said first active surfece of said first 
semiconductor die and said second active surface of said second semiconductor die such thai a 
first surfece of said intermediate substrate feces said first active surface and such that a second 
surface of said intermediate substrate feces said second active surface, wherein 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one topographic contact extending firom said first active 
surface to said first surface of said inteimediate substrate, 

said intermediate substrate defines a passage there through^ 
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said second semicoaductor die is secured to said second surface of said 
intermediate substrate such that said conductive bond pad of said second 
semiconductor die is aligned with said passage, and 

said second semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive line extending from said conductive bond pad 
of said second semiconductor die through said passage defined in said 
intermediate substrate and to a conductive contact on said first surface of said 
intermediate substrate; 
a printed circuit board positioned such that a first surface of said printed circuit board 
faces said second surface of said intermediate substrate and such that said second semiconductor 
die is positioned between said printed circuit board and said intermediate substrate; and 

a plurality of topographic contacts extending from said second surface of said 
intermediate substrate to said first surface of said printed circuit board. 



14. (Amended) A printed circuit board assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 

including at least one conductive bond pad; 

an intermediate substrate positioned between said second semiconductor die and said first 
active surface of said first semiconductor die such that a first surface of said intermediate 
substrate faces said first active surface and such that a second surface of said intermediate 
substrate faces said second semiconductor die, wherein 

said intermediate substrate defines a passage there through, 
said first semiconductor die is secured to said first surfece of said 
intermediate substrate such that said conductive bond pad of said first 
semiconductor die is aligned with said passage, and 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive line extending from said conductive bond pad 
of said first semiconductor die through said passage defined in said intermediate 



-11- 

Received from < 937 223 0724 > at 9113/02 9:46:54 AM pastern Daylight Time] 



09/13/02 09:52 0937 223 0724 



KILLWORTH ET AL 



E1013/043 



Sen No. 09/804,051 

Atty. Dkt. No. MIO 0069 PA 

substrate and to a conductive contact on said second surface of said intermediate 

substrate; 

an additional substrate positioned such that a first surface of said additional substrate 
faces said second active surface of said second semiconductor die and such that said first surfece 
of said additional substrate opposes said second surface of said intennediate substrate, wherein 
said additional substrate defines an additional passage there through, 
said second semiconductor die is secured to said first surface of said 
additional substrate such that said conductive bond pad of said second 
semiconductor die is aUgned with said additional passage, and 

said second semiconductor die is electrically coupled to said additional 
substrate by at least one conductive line extending fiom said conductive bond pad 
of said second semiconductor die through said additional passage defined in said 
additional substrate and to a conductive contact on a second surface of said 
additional substrate; 

a printed circuit board positioned such that a first surface of said printed circuit board 
feces said second surface of said additional substrate and such that said conductive line extends 
through a space defined between said second surface of said additional substrate and said first 
surface of said printed circuit board; and 

a plurality of topographic contacts extending &om said second surfece of said additional 
substrate to said first surface of said printed circuit board. ^ 



15. A printed circuit board assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 

including at least one conductive bond pad; 

an intermediate substrate positioned between said first active surface of said first 
semiconductor die and said second active surface of said second semiconductor die such tiiat a 
first surface of said interoediate substrate faces said first active surface and such that a second 
surface of said intermediate substrate faces said second active surface, wherein 
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said first semicoiiductor die is electrically coupled to said intennediate 
substrate by at least one topographic contact extending from said first active 
surface to said first surface of said intennediate substrate, 

said intennediate substrate defines a pass^ there Ihroiigh, 
said second semiconductor die is secured to said second surface of said 
intermediate substrate such that said conductive bond pad of said second 
semiconductor die is aligned with said passage, and 

said second semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive line extending firan said conductive bond pad 
of said second semiconductor die through said passage defined in said 
intermediate substrate and to a conductive contact on said first surface of said 
intermediate substrate; 
a printed circuit board positiomed such that a first surface of said printed circuit board 
faces said second surface of said intennediate substrate and such that said second semiconductor 
die is positioned between said printed circuit board and said intermediate substrate; 

a plurality of topographic contacts extending from said second suxfece of said 
intennediate substrate to said first surface of said printed circuit board; and 

at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling capacitor is 
accommodated in a space defined by a thickness dimension of one of 
said first semiconductor die, 
said second semiconductor die, 

a topographic contact conductively coupled to said first semiconductor 
die, and 

a topographic contact conductively coupled to said second semiconductor 

die. 

16. A printed circuit board assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 
at least one conductive bond pad; 
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a second semiconductor die defining a second active surface, said second active surfece 

including at least one conductive bond paA; 

an intennediate substrate positioned between said second semiconductor die and said first 
active surfece of said first semiconductor die such that a fi«t surface of said intennediate 
substrate faces said first active surface and such that a second surface of said intermediate 
substrate feces said second semiconductor die, wherein 

said intermediate substrate defines a passage fliere through, 
said first semiconductor die is secured to said first surface of said 
intermediate substrate such that said conductive bond pad of said first 
semiconductor die is aligned with said passage, and 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive line extending fiom said conductive bond pad 
of said first semiconductor die through said passage defined in said intennediate 
substrate and to a conductive contact on said second surface of said intennediate 
substrate; 

an additional substrate positioned such that a first surface of said additional substrate 
faces said second active surface of said second semiconductor die, wherein 

said additional substrate defines an additional passage there through, 
said second semiconductor die is secured to said first surface of said 
additional substrate such that said conductive bond pad of said second 
semiconductor die is aUgned with said additional passage, and 

said second semiconductor die is electrically coupled to said additional 
substrate by at least one conductive line extending firom said conductive bond pad 
of said second semiconductor die through said additional passage defined in said 
additional substrate and to a conductive contact on a second surface of said 
additional substrate; 

a printed circuit board positioned such that a first surface of said printed circuit board 
faces said second surface of said additional substrate and such that said conductive Hne extends 
through a space defined between said second surface of said additional substrate and said first 
surface of said printed circuit board; 



-14- 

Receivetlfroni<937 223 0724 > at 9113102 9:46:54 AM [Eastern Daylight Time] 



09/13/02 09:53 0937 223 0724 



KILLWORTH ET AL 



©016/043 



Ser. No. 09/804,051 

Atty. Dkt. No. MIO 0069 PA 

a pluraUty of topographic contacts extending from said second surface of said additional 
substrate to said first surface of said printed circuit board; and 

at least one decoupling capacitor conductively coupled to at least one of said first and 
second semiconductor dies, wherein a thickness dimension of said decoupling capacitor is 
accommodated in a space defined by a thickness dimension of one of 
said first semiconductor die, 
said second semiconductor die, 

a topographic contact conductively coupled to said first semiconductor 
die, and 

a topographic contact conductively coupled to said second semiconductor 

die. 

1 7. A printed circuit hoard assembly comprising: 

a first semiconductor die defining a first active surface, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defming a second active surface, said second active surface 

including at least one conductive bond pad; 

an intermediate substrate positioned between said furst active surface of said first 
semiconductor die and said second active surface of said second semiconductor die such that a 
first surface of said intermediate substrate faces said first active surface and such that a second 
surface of said intermediate substrate faces said second active surfece, wherein 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one topographic contact extending torn said first active 
surface to said first surface of said intermediate substrate, and 

said second semiconductor die is electricaUy coupled to said intermediate 
substrate by at least one topographic contact extending fi^m said second active 
surface to said second surface of said intermediate substrate; 
a printed circuit board positioned such that a first surface of said printed circuit board 
faces said second surface of said intermediate substrate and such that said second semiconductor 
die is positioned between said printed circuit board and said intermediate substrate; and 
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a plurality of topographic contacts extending from said second surface of said 
intennediate substrate to said first surface of said printed circuit board. 

1 8. A printed circuit board assembly as claimed in claim 1 7 further comprising a decoupling 
capacitor conductively coupled to at least one of said first and second semiconductor dies, 
wherein a thickness dimension of said decoupling capacitor is accommodated in a space defined 
by a thickness dimension of said topographic contact extending from said first active surface to 
said first surface of said intermediate substrate. 

19. A printed circuit board assembly comprising: 

a first semiconductor die defining a first active surfece, said first active surface including 

at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second active surface 

including at least one conductive bond pad; 

an intermediate substrate positioned between said first active surface of said first 
semiconductor die and said second active surface of said second semiconductor die such that a 
first surfece of said intermediate substrate faces said first active surface and such that a second 
surface of said intermediate substrate faces said second active surface, wherein 

said first semiconductor die is electrically coupled to said intermediate 
substrate by at least one topographic contact extending fi»m said first active 
surface to said first surface of said intermediate substrate, 

said intermediate substrate defines a passage there through, 
said second semiconductor die is secured to said second surface of said 
intermediate substrate such that said conductive bond pad of said second 
semiconductor die is aUgned with said passage, and 

said second semiconductor die is electrically coupled to said intermediate 
substrate by at least one conductive hne extending firom said conductive bond pad 
of said second semiconductor die through said passage defined m said 
intermediate substrate and to a conductive contact on said first surface of said 
intermediate substrate; 
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at least one decoupling capacitor mounted to said first surface of said intermediate 

substrate and conductively coupled to at least one of said first and second semiconductor dies, 

wherein a thickness dimension of said decoupling capacitor is accommodated rn a space defined 

by a thickness dimension of a topographic contact conductively coupled to a conductive contact 

on said first surface of said intermediate substrate; and 

a heal sink including a cap portion and a peripheral portion, wherein 

said cap portion is thennally coupled to a major surface of at least one of 

said first and second semiconductor dies, and 

said peripheral portion engages a mounting zone defined by a lateral 

dimension of said intennediate substrate extending beyond a periphery of at least 

one of said first and second semiconductor dies. 



20- (Amended) A computer system comprising: 
a programmable controller; and 

at least one memory unit, whereia said memoiy unit comprises a printed circuit board 
assembly comprising: 

a fn^t semiconductor die defming a first active surface, said first active 
surface including at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second 
active surface including at least one conductive bond pad;a single intennediate 
substrate positioned between said first semiconductor die and said second 
semiconductor die such that a first surface of said intennediate substrate faces 
said first semiconductor die and such that a second surface of said intennediate 
substrate faces said second semiconductor die, wherein 

said intermediate substrate defines a passage there through, 

and 

one of said first semiconductor die and said second 
semiconductor die is positioned such that said conductive bond pad 
on one of said first and second active surfaces is aligned with said 
passage; 
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a printed circuit board positioned such that a first surfece of said printed 

circuit board faces said intermediate substrate; and 

^ a plurality of topographic contacts extending firom said intermediate 

substrate to said first surface of said printed circuit board. 



21. (Amended) A computer system cottq)rising: 
a programmable controller; and 

at least one memory unit, wherein said memory unit comprises a printed circuit board 
assembly comprising: 

a first semiconductor die defining a first active smface, said first active 
surface including at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second 
active surface including at least one conductive bond pad; 

an intennediate substrate positioned between said first semiconductor die 
and said second semiconductor die such that a first surface of said intermediate 
substrate faces said first semiconductor die and such that a second surface of said 
intennediate substrate feces said second semiconductor die, wherein 

said intermediate substrate defines a passage there through, 

and 

one of said first semiconductor die and said second 
semiconductor die is positioned such that said conductive bond pad 
on one of said first and second active surfaces is aligned with said 
passage; 

a printed circuit board positioned such that a first surface of said printed 
circuit board faces said intermediate substrate; 

a plurality of topographic contacts extending from said intennediate 
substrate to said first surface of said printed circuit board; and 

at least one decoupling capacitor conductively coupled to at least one of 
said first and second semiconductor dies, wherein a thickness dimension of said 
decoupling capacitor is accormnodated in a space defined by a thickness 
dimension of one of 
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said first semiconductor die, 
said second semiconductor die, 
a topographic contact conductively coupled to said first 
semiconductor die, and 

a topographic contact conductively coupled to said second 

semiconductor die. 

22. (Amended) A computer system comprising; 
a programmable controUer-j and 

at least one memory unit, wherein said memory unit comprises a printed circuit board 
assembly comprising: 

a first semiconductor die defining a first active surface, said first active 
surface including at least one conductive bond pad; 

a second semiconductor die defining a second active surface, said second 
active surfece including at least one conductive bond pad; 

a single intermediate substrate positioned between said first semiconductor 
die and said second semiconductor die such that a first surface of said 
intermediate substrate faces said first semiconductor die and such that a second 
surface of said intermediate substrate faces said second semiconductor die, 
wherein 

said intermediate substrate defines a passage there through, 

and 

one of said first senuconductor die and said second 
semiconductor die is positioned such that said conductive bond pad 
on one of said first and second active surfaces is aligned with said 
passage; 

a printed chcuit board positioned such that a first surfece of said printed 
circuit board faces said intennediate substrate; 

a plurality of topographic contacts extending firom said intermediate 
substrate to said first surface of said printed circuit board; and 
a heat sink including a cap portion and a peripheral portion, wherein 
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said cap portion is thermally coupled to a major surface of 
at least one of said first and second semiconductor dies, and 

said peripheral portion engages a mounting zone defined by 
a lateral dimension of said intermediate substrate extending beyond 
a periphery of at least one of said first and setsond semiconductor 
dies. 



23. A method of stacking a plurality of semiconductor die comprising: 

providing a first semiconductor die defining a first active surface, said first active surface 
including at least one conductive bond pad; 

providing a second semiconductor die defining a second active surface, said second 
active surface including at least one conductive bond pad; 

positioning an intermediate substrate between said first active surface of said first 
semiconductor die and said second active surface of said second semiconductor die such that a 
first surface of said intermediate substrate faces said first active surface and such that a second 
surface of said intermediate substrate faces said second active surface; 

electrically coupling said first semiconductor die to said interaiediate substrate by al least 
one topographic contact extending fiom said first active surfece to said first surface of said 

intermediate substrate; 

securing said second semiconductor die to said second surface of said interaiediate 
substrate such that said conductive bond pad of said second semiconductor die is aUgned with a 
passage formed through said intermediate substrate; 

electrically couphng said second semiconductor die to said intermediate substrate by at 
least one conductive line extending from said conductive bond pad of said second semiconductor 
die through said passage defined in said intermediate substrate and to a conductive contact on 
said first surface of said intermediate substrate; 

positioning a printed circuit board such that a first surface of said printed circuit board 
faces said second surface of said intermediate substrate and such that said second semiconductor 
die is positioned between said printed circuit board and said intemiediate substrate; and 

forming aplurality of topographic contacts extending from said second surface of said 
intermediate substrate to said first surface of said printed circuit board. 
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24. (Amended) A method of stacking a plurality of semiconductor die comprising: 

providmg a fii$t semiconductor die defining a first active surface, said first active surfax» 
including at least one conductive bond pad; 

providing a second semiconductor die defining a second active surface, said second 
active surface including at least one conductive bond pad; 

positioning an intermediate substrate between said second semiconductor die and said 
first active surface of said first semiconductor die such that a first surface of said intermediate 
substrate faces said first active surface and such that a second surface of said intennediate 
substrate faces said second semiconductor die; 

securing said first semiconductor die to said first surface of said intermediate substrate 
such that said conductive bond pad of said first semiconductor die is aligned with a passage 
formed in said intermediate substrate; 

electricaUy coupling said first semiconductor die to said intermediate substrate by at least 
one conductive line extending ftom said conductive bond pad of said first semiconductor die 
through said passage defined in said intermediate substrate and to a conductive contact on said 
second surface of said intermediate substrate; 

providing an additional substrate positioned such that a first surface of said additional 
substrate faces said second active surface of said second semiconductor die and such that said 
first surface of said additional substrate opposes said second surface of said intermediate 
substrate; 

securing said second semiconductor die to said first surface of said additional substrate 
such that said conductive bond pad of said second semiconductor die is aligned with an 
additional passE^ formed in said additional substrate; 

electrically coupling said second semiconductor die to said additional substrate by at least 
one conductive line extending fi-om said conductive bond pad of said second semiconductor die 
through said additional passage defined in said additional substrate and to a conductive contact 
on a second surface of said additional substrate; 

positioning a printed circuit board such that a first surface of said printed circuit board 
faces said second surfece of said additional substrate and such that said conductive line extends 
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through a space defined between said second surface of said additional substrate and said first 
sxirface of said printed circuit board; and 

foiming a plurality of topographic contacts extending from said second surface of said 
additional substrate to said first surface of said printed circuit boaid_ 

25. A multiple die semiconductor assembly as claimed in claim 1 wherein said first 
semiconductor die comprises a flip chip arranged relative to said intennediate substrate such that 
said conductive bond pads included in said first active surface are aligned with conductive 
contacts on said first surface of said intermediate substrate. 

26. A multiple die semiconductor assembly as claimed in claim 25 wherein said multiple die 
semiconductor assembly further comprises topographic contacts extending between said 
conductive bond pads of said first active surface and said conductive contacts of said first siixface 
of said intermediate substrate. 

27. A multiple die semiconductor assembly as claimed in claim 1 wherein said second 
semiconductor die comprises a flip chip arranged relative to said intermediate substrate such that 
said conductive bond pads included in said second active surface are aligned with a conductive 
contact on said second surface of said intermediate substrate. 

28. A multiple die semiconductor assembly as claimed in claim 27 wherein said multiple die 
semiconductor assembly further comprises topographic contacts extending between said 
conductive bond pads of said second active surface and said conductive contacts of said second 
surface of said intermediate substrate, 

29. A multiple die semiconductor assembly as claimed in claim 1 wherein said first 
semiconductor die comprises a stacked chip secured to said first surface of said intermediate 
substrate such that said conductive bond pads on said first active surface are aligned with said 
passage. 
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30. A multiple die semiconductor assembly as claimed in claim 29 wherein said multiple die 
semiconductor assembly further comprises conductive lines extendii^g from said conductive 
bond pads on said first active surface to conductive contacts on said second surface of said 
intermediate substrate. 

3 1 . A multiple die semiconductor assembly as claimed in claim 1 wherein said second 
semiconductor die comprises a stacked chip secured to said second surface of said intermediate 
substrate such that said conductive bond pad on said second active surface is aUgned with said 
passage. 

32. A multiple die semiconductor assembly as claimed in claim 31 wherein said multiple die 
semiconductor assembly further comprises conductive hnes extending from said conductive 
bond pads on said second active surface to conductive contacts on said first surface of said 
intermediate substrate. 

33. A multiple die semiconductor assembly as claimed in claim 1 wherein: 

said first semiconductor die is electrically coupled to said mteimediate substrate; and 
said second semiconductor die is electrically coupled to said intermediate substrate. 

34. A multiple die semiconductor assembly as claimed in claim 1 wherein said first 
semiconductor die is electrically coupled to said second semiconductor die. 

35. A multiple die semiconductor assembly as claimed in claim 1 wherein: 

said first semiconductor die is electrically coupled to said intermediate substrate by at 
least one conductive line extending from said conductive bond pad of said first semiconductor 
die through said passage defined in said intermediate substrate and to said second surface of said 
intermediate substrate. 

36. A multiple die semiconductor assexnbly as claimed in claim 1 wherein: 

said second semiconductor die is electrically coupled to said intermediate substrate by at 
least one conductive line extending from said conductive bond pad of said second semiconductor 
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die through said passage defined in said intermediate substrate and to said first surface of said 
iatermediate substrate. 

37. A multiple die $emiconductor assembly as claimed in claim 1 wherein said assembly further 
comprises an underfill material formed over said first surface of said intennediate substrate. 

38. A multiple die semiconductor assembly as claimed in claim 1 wherein said assembly farther 
comprises an underfill material fonned between said first semiconductor die and said first 
surface of said intennediate substrate. 

39. A multiple die semiconductor assembly as claimed in claim 1 wherein said assembly further 
comprises an encapsulant formed over said first semiconductor die and said first surface of said 
intermediate substrate. 

40. A multiple die semiconductor assembly as claimed in claim 39 wherein said assembly 
further comprises an underfill material formed between said first semiconductor die and said first 
surface of said xnteimediate substrate. 

41. A multiple die semiconductor assembly as claimed in claim 1 wherein said assembly further 
comprises an encapsulant formed over said first semiconductor die and said first surface of said 
intennediate substrate and between said first semiconductor die aad said first surface of said 
intennediate substrate. 

42. A multiple die semiconductor assembly as claimed in claim 1 wherein said assembly further 
comprises an encapsulant formed over said second semiconductor die, 

43. A multiple die semiconductor assembly as claimed in claim 1 wherein said assembly further 
comprises a die attach adhesive positioned to secure said second semiconductor die to said 
second surface of said intennediate substrate. 

44. A multiple die semiconductor assembly as claimed in claim 4 wherein: 

-24- 

Received from < 937 223 0724 > at 9/13/02 9:46:S4 AM [Eastern Daylight Time] 



09/13/02 09:57 0937 223 0724 



KILLWORTH ET AL 



11026/043 



Ser. No. 09/804,051 

Atty, DkL No. MIO 0069 PA 

said topographic contact defines a space l^etween said first active surface and said first 
surfece of said intermediate substrate; 

said at least one conductive line extends through said space defined between said first 
active surface and said first surface of said intermediate substrate. 

45. A multiple die semiconductor assembly as claimed in claim 6 wherein: 

said decoupling capacitor is mounted to said first surface of said intennediate substrate; 

and 

the thickness dimension of said decoupling capacitor is accommodated in a space defined 
by a thickness dimension of a topographic contact conductively coupled to a conductive contact 
on said first surfiace of said intennediate substrate. 

46. A multiple die semiconductor assembly as claimed in claim 45 wherein the thickness 
dimension of said decoupling capacitor is accommodated in a space fiirther defined by a 
thickness dimension of said first semiconductor die, 

47. A multiple die semiconductor assembly as claimed in claim 6 wherein: 

said assembly comprises a pair of decoupling capacitors mounted to said first surface of 
said intermediate substrate; and 

said first semiconductor die is positioned between said pair of decoupling capacitors 
relative to said first surface of said intermediate substrate, 

48. A multiple die semiconductor assembly as claimed in claim 6 wherein: 

said decoupling capacitor is mounted to said first surface of said intermediate substrate; 

and 

the thickness dimension of said decoupling capacitor is accommodated in a space defined 
by a thickness dimension of said first semiconductor die conductively coupled to said first 
surface of said intermediate substrate. 

49. A multiple die semiconductor assembly as claimed in claim 7 wherein: 
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said assembly fUither comprises a third substrate positioned such that a first surface of 
said third substrate faces said second surface of said additional substrate; 

said additional substrate is electrically coupled to said third substrate by at least one 
topographic contact extending fiom said second surface of said additional substrate to a first 
surface of said third substrate; 

said decoupling c^acitor is mounted to said first surface of said third substrate; and 

the thickness dimension of said decoupling capacitor is accommodated in a space defined 
by a thickness dimension of said topographic contact extending from said second surface of said 
additional substrate to a first surface of said third substrate. 

50. A multiple die semiconductor assembly as claimed in claim 7 wherein: 

said assembly further comprises a third substrate positioned such that a first surface of 
said interaiediate substrate faces a second surface of said third substrate; 

said intermediate substrate is electrically coupled to said third substrate by at least one 
topographic contact extending from said second surface of said third substrate to said first 
surface of said intermediate substrate; 

said decoupling c^acitor is mounted to said second surfece of said third substrate; and 

the thickness dimension of said decoupling capacitor is accommodated in a space defined 
by a thickness dimension of said topographic contact extending from said second surface of said 
third substrate to said ikst surface of said intermediate substrate. 

51 . A multiple die semiconductor assembly as claimed in claim 50 wherein the thickness 
dimension of said decoupling capacitor and a thickness dimension of said first semiconductor die 
are both accommodated in said space defined by the thickness dimension of said topographic 
contact extending from said second sur&ce of said third substrate to said first surface of said 
intermediate substrate. 

52. A multiple die semiconductor assembly as claimed in claim 7 wherein: 

said decoupling capacitor is mounted to said first surface of said intermediate substrate; 

and 
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, the thickness dimension of said decoupling capacitor is accommodated in a space defined 
by a thickness dimension of said first semiconductor die. 

53. A multiple die semiconductor assembly as claimed in claim 52 wherein; 

said assembly comprises a pair cf decoupling capacitors mounted to said first surfece of 

said intermediate substrate; and 

said first semiconductor die is positioned between said pair of decoupling capacitors 

relative to said first surfkce of said intermediate substrate. 
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